[1] An antiparallel reconnection event is recognized in the magnetotail, and a secondary island with a strong core magnetic field is identified near the center of the ion diffusion region. In the island, the electron density peaks in the outer region while the dip is in the core region with a strong core magnetic field. A strong electron beam parallel to the magnetic field, as well as an obvious current antiparallel to the magnetic field with density up to ∼40 nA/m 2 , is observed in the outer region of the island. This suggests that the strong core magnetic field inside the island is generated by the electron beam and then the antiparallel current in the outer region of the island. The electron density dip in the core region is formed due to the existing strong core field, which expels electrons out of the core region. The electron flat-top distributions are detected in the ion diffusion region except the core region of the island, and the shoulder energy range of the flat-top distributions is from 100 eV to 4 keV. An enhancement of the energetic electron flux up to 200 keV is found in the ion diffusion region, and a further increase of energetic electron fluxes is observed inside the island. Waves at the lower hybrid frequency are intensified in the ion diffusion region, while the intensification is strong in the outer region of the island and becomes very weak in the core region.
Introduction
[2] Magnetic reconnection is believed to be the main driving mechanism for many explosive phenomena in space physics and laboratory plasma physics [Giovanelli, 1946; Nishida, 1978; Wesson, 1997] . In the course of magnetic reconnection, stored magnetic energy is converted into plasma kinetic and thermal energy, and magnetic topology also changes [Vasyliunas, 1975; Priest and Forbes, 2000] . In solar flares, observations have confirmed that up to 50% of the released energy is carried by energetic electrons [Lin et al., 1976 [Lin et al., , 2003 Holman et al., 2003] . Energetic electrons have also been detected around the reconnection site in the magnetotail [Øieroset et al., 2002; Taylor et al., 2006; Imada et al., 2007; Åsnes et al., 2008; Wang et al., 2008b Wang et al., , 2010a . But how the electrons are accelerated in the process of magnetic reconnection is still an issue.
[3] Over the last several decades, several acceleration mechanisms have been proposed to interpret the production of the energetic electrons in magnetic reconnection [Speiser, 1965; Deeg et al., 1991; Litvinenko, 1996; Hoshino et al., 2001a Hoshino et al., , 2005 Ricci et al., 2003; Drake et al., 2005 Drake et al., , 2006a Fu et al., 2006; Pritchett, 2006a Pritchett, , 2006b . One is that electrons drifting into the electron diffusion region are accelerated by the reconnection electric field. Simulations have demonstrated that electrons can be accelerated to high energy by the reconnection electric field [Speiser, 1965; Deeg et al., 1991; Litvinenko, 1996; Hoshino et al., 2001a; Ricci et al., 2003; Fu et al., 2006] . However, it will cause an asymmetric distribution of energetic electrons along the direction of the electric field. This asymmetric distribution of energetic electrons has not been observed by spacecrafts. Moreover, electrons can only be accelerated inside the relatively small electron diffusion region, which cannot explain the extensive distribution of the energetic electrons in solar flares and the magnetotail [Chen et al., 2009 , Huang et al., 2010 . Hoshino et al. [2001a] further proposed a two-step acceleration mechanism. They concluded that electrons are firstly accelerated inside the electron diffusion region by the reconnection electric field and are then accelerated in the pileup region due to the significant curvature and gradient drifts along the electric field. As demonstrated by the Cluster measurement, energetic electrons indeed peak near the pileup region in magnetic reconnection [Imada et al., 2007; Wang et al., 2008a] . Furthermore, multiple interactions of electrons with the density cavities along the separatrices can generate energetic electrons during reconnection with a strong guide field [Drake et al., 2005] .
[4] More recently, Drake et al. [2006a] suggested that electrons can be accelerated by the contracting magnetic islands during magnetic reconnection due to the Fermi acceleration. As a result, the energetic electrons display a field-aligned anisotropic distribution inside the islands. The fluxes of energetic electrons along the magnetic field are much greater than that perpendicular to the magnetic field, and the parallel temperature is higher than the perpendicular temperature. The relations between magnetic islands and energetic electrons have been validated by Cluster Chen et al., 2008 Chen et al., , 2009 Wang et al., 2010a] . The measurements indicate that the fluxes of energetic electrons peak at the electron density compression sites within the magnetic islands, and the electron distribution is isotropic within islands [Chen et al., 2008 and 2009] , which is inconsistent with the predication of Drake et al [2006a] . Chen et al. [2009] argued that the observed energetic electrons within islands might be accelerated by the inductive electric field in the strong gradient and curvature regions caused by the convection of magnetic fluxes toward the island center.
[5] In this paper, we present a reconnection event observed by Cluster in the magnetotail, ∼16 R e on 4 October 2003. In this event, a secondary island with a strong out-of-plane magnetic field (flux rope) is detected near the center of the diffusion region, which has been reported by Wang et al. [2010a] and considered to be the results of secondary island instability. At that time, the spacecraft separation was only about 300 km (∼0.4c/w pi ), which provides an excellent opportunity to reveal the details of small scale structures and the microphysics down to the ion inertial scale or even smaller. The purpose of this paper is to explore the distribution of electron density and current density, electron pitch angle distribution, energetic electrons and associated waves around the secondary island inside the diffusion region.
Data
[6] Data from several instruments are used. The magnetic field data are taken from the Fluxgate Magnetometer (FGM) [Balogh et al., 2001] . Ion plasma data with the spin resolution are obtained from the ion Composition and Distribution Function analyzer (CODIF) instrument, which is part of the Cluster Ion Spectrometry (CIS) experiment [Rème et al., 2001] . The data of energetic electron fluxes at energies from 37 to 400 keV with the 4 s spin resolution are provided by the Research with Adaptive Particle Imaging Detectors (RAPID) [Wilken et al., 2001] . The low to middle energy electron data with 4 s time resolution are from the Plasma Electron and Current Experiment (PEACE) instrument [Johnstone, 1997] . The PEACE instrument consists of High Energy Electron Analyser (HEEA) and Low Energy Electron Analyzer (LEEA). Both sensors are mounted on diametrically opposite sides of the spacecraft. In this paper, we will use the PITCH_SPIN data, which contain merged data from both the HEEA and LEEA sensors and are available nearly every spin, with twelve 15°(covering 0°-180°pitch angle) and 44 energy bins . The electric and magnetic wave spectrograms are taken from the SpatioTemporal Analysis of Field Fluctuations (STAFF) experiments with 1 s time resolution [Cornilleau-Wehrlin et al., 1997] . The electric field data are taken from the Electric Field and Waves (EFW) instruments [Gustafsson et al., 2001] , which can only measure two components of the electric field E x and E y in the spin plane.
Observations and Analysis
[7] During 0618-0622 UT, on 4 October 2003, the Cluster tetrahedron was situated in [−16.1, 7.4 , −2.6] R E (Geocentric Solar Magnetospheric coordinates). Figure 1 shows the positions of the four satellites in the GSM coordinates used throughout this paper. From Figure 1 , it can be seen that the C1 satellite was located in the northernmost and was farthest to the Earth. The largest spacecraft separation was only around 300 km (∼0.4c/w pi ).
[8] Figure 2 shows an overview of the measurements from Cluster during 0618-0622 UT. From top to bottom, three components and magnitude of the magnetic field with 1/5 s resolution, the x component of the proton bulk flow, and two components of the electric field are shown. During this interval, Cluster crossed the neutral sheet twice from the Southern Hemisphere (B x < 0) to the Northern Hemisphere (B x > 0), and then returned to the south (B x < 0). Because the time series of magnetic field among the four satellites are well correlated, the timing analysis is applied to the magnetic field data during both crossings to calculate the normal of the neutral sheet [Schwartz, 1998 ]. The normal is n 1 = [−1.715 × 10 −02 , −5.019 × 10 −02 , 0.999] in the GSM coordinates for the first crossing, while it is n 2 = [0.199, 0.222, −0.954] for the second crossing. Since the neutral sheet is nearly parallel to the x-y plane, the GSM coordinates are appropriate and used in this paper.
[9] The interval is characterized by a reversal of the x component of the proton bulk flow (up to 800 km/s) from earthward to tailward. Generally, the near coincident reversals of B z and V x indicate that the spacecraft encounters a magnetic reconnection event from one side to the other. Thus, according to the signs of B z , the interval when the high-speed flow was observed is divided into three subintervals: L 1 (061900-061944 UT), L 2 (061944-062030 UT), and L 3 (062030-062100 UT) (corresponding to the three color regions in Figure 2 ). During the strong high-speed earthward flow (corresponding to the L 1 ), the values of B z were mainly positive. While for the period of the high-speed tailward flow (corresponding to the L 3 ), the values of B z were negative. In the L 1 period, Cluster was located to the south of the neutral sheet (B x < 0), where B y was negative. On the other hand, in the L 3 period, Cluster passed the neutral sheet from the north to the south accompanied by the sign reversals of B y from negative in the Northern Hemisphere to positive in the Southern Hemisphere. On the basis of these measurements, the behaviors of B y are consistent with the expected Hall magnetic field. The near coincident reversals of V x and B z and the organized Hall magnetic field provide a clear evidence that Cluster crossed an ion diffusion region of a collisionless magnetic reconnection event from earthward to tailward [Wang et al., 2010a] . These measurements are also in accordance with previous observations [Øieroset et al., 2001 Mozer et al., 2002; Runov et al., 2003; Vaivads et al., 2004; Borg et al., 2005; Xiao et al., 2007; Wang et al., 2010a Wang et al., , 2010b . Also, note that at the beginning and the ending in Figure 2 , when Cluster was in the lobe, B y was close to zero. Thus, there is no obvious overall guide field during this magnetic reconnection event.
[10] During the L 2 period, B z reversed from negative to positive. Besides, B y and the magnitude of the magnetic field peaked at the point of B z reversal. The measurements are coincided with the signature of a flux rope moving earthward. More details can be found in the paper by Wang et al. [2010a] . On the basis of these measurements, the approximate path of Cluster through the diffusion region is reconstructed as shown in Figure 3 . The C1 satellite located at the farthest to Earth in the magnetotail detected the reversal of B z earlier than other three satellites, which further demonstrates that the whole structure observed was moving earthward.
[11] To analyze the secondary island (flux rope) in more details, the magnetic field with time resolution 1/22 s, the electron density derived from the spacecraft potential [Pedersen et al., 2008] , three components of the current density calculated by the curlometer technology [Robert et al., 1998 ], the current density parallel to the magnetic field j par = J • B/|B|, r • B/|r × B, and the fluxes of energetic electrons between 061900 and 062100 UT are shown in Figure 4 . The top color bars denote the three subintervals L 1 , L 2 , and L 3 , as shown in Figure 2 . The vertical dotted and dashed lines represent the reversal times of B x and B z within the island, respectively. In the subinterval L 2 when the island was encountered, Cluster crossed the island from the third quadrant (B z < 0 and B x < 0) to the first quadrant (B z > 0 and B x > 0), and it means that Cluster passed through the core region of the island. The interval L 2 is color coded with two different colors, orange (062012-062028 UT) and green, in terms of the signs of B x and B z . The orange region where B x and B z change their signs almost simultaneously is called the core region of the island, while the green region is called the outer region of the island in the following. In Figure 4 , the electron density was gradually enhanced as Cluster approached the center of the plasma sheet from the south and was then depleted while Cluster retreated from the center of the plasma sheet to the south. The mean value of the electron density in the whole interval is about 0.2 cm −3 . Inside the secondary island, the electron density increased steadily as Cluster moved toward the core region but dropped sharply once the spacecraft Figure 2 . Overview of the electric and magnetic field and ion plasma data observed by Cluster from 0618 to 0622 UT (in GSM coordinates) with a color scheme of black, blue, red, and green for spacecrafts 1-4, respectively. From top to bottom, three components and magnitude of the magnetic field, x component proton bulk flow, and two components of the electric field E x and E y are shown. The L 1 , L 2 , and L 3 subintervals denote the times 061900-061944 UT, 061944-062030 UT and 062030-062100 UT, respectively. entered into the core region. The maximum of the electron density in the outer region is ∼0.6 cm −3 , while in the core region where the significant core magnetic field B y appears the electron density holds ∼0.2 cm −3 . Although the electron density dips in the core region, it still maintains at the average level. The C1 satellite stayed in the northernmost and farthest to the Earth relative to other satellites, thus observed the electron density dip earlier than other three satellites. This type of distribution of electron density within the island is much different from the previous measurements [Slavin et al., 2003; Zong et al., 2004; Henderson et al., 2006; Eastwood et al., 2007; Chen et al., 2008 Chen et al., , 2009 Wang et al., 2008a] , where the density peaks at the reversal point of B z , and will be discussed in section 4 in more details.
[12] Both the x and y components of the electric current density increase noticeably within the island. The j y component keeps a large positive value and the maximum value is close to ∼30 nA/m 2 . The j x component, however, is augmented just in the outer region of the island and even approaches to zero in the core region. Moreover, the j x component is positive when Cluster stays in the southern part of the outer region (B x < 0), and it becomes negative when Cluster enters into the northern part of the outer region (B x > 0), which suggests that the x component of the electric current density mainly directs antiparallel to the magnetic field in the outer region of the island. The electric current density parallel to the magnetic field j par = J • B/|B| is also shown in Figure 4 . The j par component is primarily negative and has a significant value in the outer region. So the electric current density is antiparallel to the magnetic field in the outer region of the island. The fact that the profile of j par is similar to the j x component indicates that the j par component comes mainly from the j x component in the outer region. In the core region with a strong core magnetic field B y , j par still has relatively high values, around 20 nA/m 2 , which can be attributed to the j y component. The ratio of r • B/|r × B| has been regarded as the relative error of rJ/|J| [Dunlop et al., 1990; Chanteur, 1998; Xiao et al., 2004] . It can be found that the ratio is primarily below 0.4 inside the island. So the relative errors are low inside the island.
[13] The last four frames of Figure 4 show the fluxes of energetic electrons in the energy range 37-400 keV from the four satellites: C1, C2, C3, and C4. The different color curves express different energy channels, and the numbers on the right-hand side of Figure 4 correspond to the energy thresholds for the energy channels. The gradual enhancement (decrease) of the fluxes of energetic electrons up to 200 keV as the spacecraft approached (left) the ion diffusion region indicates that energetic electrons were being continually produced inside the diffusion region. The fact that the energetic electron fluxes inside the island are more enhanced demonstrates that electrons were further accelerated within the island [Wang et al., 2010a] . Unfortunately, there were no pitch angle distribution data of the energetic electrons during the interval. However, the relatively low-energy electron pitch angle data from the PEACE instrument is available, which might provide some clues to understand the acceleration mechanism of electrons.
[14] Figure 5 shows the electron pitch angle distribution of the phase space density (PSD) from the C4 satellite at energies from 440 eV to 9.78 keV, and the similar distribution can also be found by C1 and C2 satellites (not shown here, there is no pitch angle data from the C3 satellite in this interval). Each frame shows the electron pitch angle distribution for certain energy. In the L 1 period, there is a fieldaligned beam parallel to the magnetic field in the distribution from 682 eV to 2.59 keV. During this period, Cluster was located in the separatrix region. The electron beam parallel to the magnetic field is consistent with the Hall electric current directed to the X line. The field-aligned bidirectional distribution emerges in the L 2 period, where the PSD intensifies at 0 o and 180 o and are larger than that at ∼90 o from 440 eV to 2.59 keV. The field-aligned bidirectional distribution indicates that more electrons are accelerated along the magnetic field. During the L 3 interval, the field-aligned bidirectional distribution becomes less obvious.
[15] Figure 6 shows the evolution of electron spectra as C4 satellite crossed the ion diffusion region from the earthward side to the tailward side. We select three typical times for each subinterval. Figures 6a-6c , 6d-6f, and 6g-6i correspond to the subintervals L 1 , L 2 , and L 3 , respectively. At the beginning of the L 1 interval (at 061859 UT, Figure 6a ), the spacecraft staying on the boundary of the diffusion region observed the nearly isotropic distribution. The PSD decreased abruptly around 80 eV. This type of distribution was observed again when the spacecraft arrived at the opposite boundary of the diffusion region at 062059 UT (Figure 6i ). After the spacecraft entered into the diffusion region, the distribution had the flat-top feature: the PSD was almost constant between 100 eV and 2 keV but sharply decreased at the both ends of the energy range. The flat-top distribution could be persistently measured until the spacecraft got into the outer region of the island from 061903 to 062007 UT, as shown in Figures 6b-6d . The flat-top distribution is anisotropic. The fluxes parallel and antiparallel to the magnetic field are larger than that perpendicular to the magnetic field with energies from 400 eV and 2 keV, regardless of the spacecraft locating in the L 1 interval or the outer region of the island. After the spacecraft entered into the core region of the island, the distribution displayed an exponential feature (Figures 6e and 6f ) instead of the flat-top feature. The steep decrease of the PSD at the ends of the energy shoulder of the flat-top distribution vanished. In lower energy from 400 eV to 1 keV, the PSD along parallel direction was much larger than at other two directions. The PSD at parallel and antiparallel directions were larger than that at the perpendicular direction between 1 and 2 keV. In the L 3 interval, the flat-top distribution was observed again. However, the energy range of the shoulder of the flat-top distribution extended to higher energy from 100 eV to 4 keV. The measurements indicate that the flat-top distribution is observed in the ion diffusion region except at the core region of the island where the exponential distribution was observed, and the energy range of the shoulder of the flat-top distribution detected in the tailward side extended to higher energy than that observed in the earthward side.
[16] Figure 7 shows the magnetic field and the wave spectrogram of the electric and magnetic field from C4 satellite during the crossing. detected in the outer region of the island. However, the wave activity became very weak in the core region of the island.
Discussion
[17] The representative observational characteristics of the island (flux rope) are bipolar B z and strong core field B y , which are often observed in the magnetotail accompanied with an electron density peak at the reversal point of B z [Slavin et al., 2003; Xiao et al., 2004; Zong et al., 2004 Zong et al., , 2007 Cao et al., 2006; Nakamura et al., 2006; Eastwood et al., 2007; Chen et al., 2008 Chen et al., , 2009 Retinò et al., 2008; Wang et al., 2008a Wang et al., , 2010a . In the previous measurements, however, the B x component often had a considerable value at the time when the value of B z is reversed [Slavin et al., 2003; Zong et al., 2004; Henderson et al., 2006; Eastwood et al., 2007; Chen et al., 2008 Chen et al., , 2009 Wang et al., 2008a] , which means that the spacecraft did not cross the core region of the island. In our event, almost simultaneous reversals of B x and B z suggest that the spacecraft crossed the core region of the island, which provides an opportunity to study the physics in the core region. A characteristic feature in our event is that the electron density dip arises in the core region, which was not seen in the previous observations. The reason for this difference between the previous measurements and ours may be attributed to the different trajectory of the spacecraft relative to the island.
[18] On the basis of the measurements, we conclude that the electron density peaks in the outer region and dips in the core region of the island. An illustration is shown in Figure 8 . The light gray color inside the island denotes the region with smaller density, and the darker gray represents the region with higher electron density. Lines 1 and 2 represent the two trajectories of spacecraft. The electron density curves in Figure 8 indicate the evolution of the density as the spacecraft crosses the island from trajectories 1 and 2, respectively. Orbit 2 represents the trajectory of our event, while Orbit 1 denotes the trajectory in previous observations. If the The wave spectrogram of (middle) the magnetic field and (bottom) the electric field with 1 s time resolution. The solid line in Figure 7 (middle) and 7 (bottom) is the lower hybrid frequency. Figure 8 . The illustration of the electron density distribution inside the island. The light gray color denotes the region with smaller electron density, and the darker gray area represents the higher density area. Lines 1 and 2 express two trajectories of the spacecraft. The electron density curves indicate the evolution of the density, as the spacecraft crosses the island from trajectories 1 and 2, respectively. spacecraft indeed enters the core region of an island (i.e., nearly simultaneous reversals of B z and B x or B x close to zero in the process of reversal of B z ), the electron density dip can be observed. On the other hand, if the spacecraft just crosses the island from the outer region as in Orbit 1, a peak of the density will be observed. The measurement reported by Retinò et al confirms our conclusions [Retinò et al., 2008] . In their paper, the density dip was also found in the core region of an island, but they argued that the dip was produced by the coalescence of several islands [Retinò et al., 2008] . Actually, it is understandable that the strong core magnetic field existing in the core region would expel electrons out of the core region and cause the pileup of electrons in the outer region of the island.
[19] In simulations, the formation of the core field inside the island is thought to be driven by the compression of the initial guide field [Drake et al., 2006b] . However, there is no obvious overall guide field in our event. The analysis of the electric current density demonstrates that the core field is produced by the antiparallel current in the outer region of the island. Using Ampere's law, we can estimate the out-ofplane magnetic field produced by the j x component in the outer region. The propagation velocity of the island in the z direction is 52.4 km/s on the basis of the timing method [Wang et al., 2010a] . The crossing time of the core region is 16 s. The size of core region of the island in the z direction is estimated to be 838.4 km. The value of j x is about 30 nA/m 2 . Hence, the out-of-plane magnetic field produced by j x is of the order of 30 nT, consistent with the observed core field. We conclude that the strong core field is indeed created by the parallel current in the outer region. The intense electron beam parallel to the magnetic field measured in the outer region strongly suggests that the antiparallel current comes from the electron beam.
[20] According to the analysis above, the parallel electron beam in the outer region of the island forms the electric current antiparallel to the magnetic field. This electric current produces the observed strong core field, which expels the electron out of the core region. Island with a strong core field during antiparallel reconnection has also been observed [Eastwood et al., 2007] , where the island is located in the Hall magnetic field region. In that case, the core field is thought to be caused by the compression of the Hall magnetic field.
[21] The flat-top distribution has been reported in other literatures [Smets et al., 1998; Asano et al., 2008; Chen et al., 2009] . According to early observations, the flat-top distribution is mainly located near the outer boundary of the ion diffusion region in the plasma sheet outflow region, before reaching the pileup region with large normal component of the magnetic field [Asano et al., 2008] . Chen et al. [2009] confirmed that the isotropic flat-top distribution can also be found inside the islands. In the previous observations, the typical energies of the shoulder of the flat-top distribution are 2-10 keV [Asano et al., 2008; Chen et al., 2009] . In our event, the flat-top distribution can be observed almost in the entire ion diffusion region except at the core region of the island. The typical energy range of the shoulder is just from 80 eV to 2 keV in the earthward side and expands to 4 keV in the tailward side. The flat-top distribution is always accompanied by the electron beam in the L 1 interval, which is in accordance with the predication by Hoshino et al. [2001b] , who suggest that the flat-top distribution is the thermalized component of the electron beam toward the X line. In the L 3 period, when the spacecraft is located around the neutral sheet, the flat-top distribution can still be observed and the shoulder energy even expands to higher energy. Around the neutral sheet (the L 3 interval), more low-energy electrons are accelerated, so the shoulder energy of the flat-top distribution can expand to higher energy. Electrons with the lower energy (100-600 eV in the earthward, 100-800 eV in the tailward of the diffusion region) are accelerated to the higher energy (600 eV-2 keV in the earthward, 100 eV-4 keV in the tailward of the diffusion region). Consequently, the PSD at the lower energy declines whereas that at the higher energy increases, which leads to the constant PSD over the whole energy range from 100 eV to 2 keV in the earthward and from 100 eV to 4 keV in the tailward of the diffusion region. Thus, the flat-top distribution is formed. The measurements of the spectra indicate that in the ion diffusion region, except the core region of the island, electrons are accelerated and the flat-top distribution is formed, while the PSD of electrons displays the exponential feature in the core region of the island. Very recently, Egedal et al. [2010] proposed that a positive acceleration potential in the vicinity of the reconnection site could form the observed flat-top distributions.
[22] Recently, Drake et al. [2006a] proposed that the contracting islands can accelerate electrons to relativistic energy by the Femi acceleration. In their model, only electrons with large parallel velocity v k > u x ≈ c Ax (corresponding to the energy of 10 keV in the magnetotail, the c Ax and u x are the Alfven speed and the contracting velocity of the ends of magnetic island, respectively) can obtain high energy by interacting with multiple islands. According to the model, electrons with large parallel velocity will be accelerated along the magnetic field and the parallel temperature is higher than that in the perpendicular direction. In our event, the parallel temperature is indeed larger than the perpendicular temperature [Wang et al., 2010a] . However, the powerful fieldaligned bidirectional distribution inside the island merely arises in the low-energy range between 440 eV and 2.59 keV and disappears in the higher energy. Because of the absence of the pitch angle distribution for energetic electrons larger than 20 keV, we cannot confirm whether the distribution of energetic electrons larger than 20 keV is consistent with the prediction of the Femi acceleration or not. Huang et al. [2010] suggested that the inductive electric fields would accelerate electrons when electrons passed the strong magnetic gradient and curvature region inside the islands. In our event, the E y can reach 10 mV/m by which an electron could gain 100 keV energy just over 14c/w pi (∼1.5R E ). Hence, the inductive electric field might be very important for the production of the energetic electrons.
Conclusions
[23] A reconnection event with no obvious overall guide field in the near-Earth magnetotail is presented. Near the center of the ion diffusion region, an island with a strong core magnetic field is detected. Using the high time resolution electron density data, it is found that the electron density dips in the core region of the island and pileups in the outer region. The current density antiparallel to the magnetic field is considerable in the outer region of the island. At the same time, a strong electron beam parallel to the magnetic field is also observed in the outer region. We conclude that the electron beam parallel to the magnetic field yields the strong antiparallel current. This current will produce an out-of-plane core field inside the island. Because of the strong core field, parts of electrons are expelled out of the core region and pile up in the outer region.
[24] The fluxes of energetic electrons up to 200 keV were gradually enhanced as the spacecraft crossed the diffusion region and a further enhancement can be found inside the secondary island. The flat-top distribution of electrons is observed in the ion diffusion region except at the core region of the island, where the exponential distribution is measured. The shoulder energy is between 80 eV and 2 keV in the L 1 interval and expands to higher energy (∼4 keV) in the L 3 interval. The lower energy part of electrons (80-600 eV) is accelerated to the higher energy (600 eV to 2 keV). As a result, the PSD of the lower (higher) energy electrons decreases (enhances), which causes the equal level of the PSD over the whole energy range from 80 eV to 2 keV. The shoulder energy observed around the neutral sheet (corresponding to the L 3 interval) can expand to higher energy than that observed in the separatrix region (corresponding to the L 1 interval). The strong wave spectrogram of the electromagnetic field at the lower hybrid frequency is observed in the ion diffusion region (out of the island). The wave spectrogram is further enhanced in the outer region but becomes very weak in the core region of the island. The relations between energetic electrons and lower hybrid waves are beyond the scope of the paper and need further investigations.
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